Introduction
Xerostomia is increasing in Japan due to the aging society, increased stress, irregular eating habits, and it is estimated that there are about 30 million potential patients in Japan. [1] There are a variety of treatment methods for dry mouth, including artificial saliva, humectant [2, 3] and salivary gland massage, that have been performed in Japan [4, 5] and in other countries as well [6, 7] . Salivary gland massage manualized by Hara is used as a standard in Japan [5] . However, previous methods of salivary gland massage are complicated and time consuming, which presents a barrier for daily use among elderly nursing home residents. Xerostomia causes discomfort in the oral cavity and is associated with eating disorders, swallowing disorders, and deterioration of oral symptoms causing a decrease in quality of life. So, improvement in xerostomia is important to improve quality of life in elderly people.
We, therefore, developed a simple, quick and effective salivary gland massage for nursing home residents and evaluated its effectiveness.
Materials and Methods

Procedure for newly developed salivary gland massage with oil:
The performer, after dipping both hands in the oil, stood behind the seated subject and placed the middle and little fingers under the subject's mandible. One-way stroke massage was performed by sliding four fingers from the top of the mandible, passing the angles of the mandible and reaching the parotid glands under the masseter muscles. To avoid an aromatic effect of the oil, which may increase salivary secretion by itself, we used unscented oil. Finger pressures were controlled to not exceed the range at which the participant felt comfortable.
Preliminary study with normal adult subjects:
A total of 12 participants [men:women = 8:4, age (mean ± SD) = 35.3 ± 9.9 years] were enrolled into the preliminary study. Volumes of saliva before and after the massage were compared. Duration of the massage was either 1 min or 3 min per trial, and each participant was massaged for one trial with each massage duration for comparison. We measured the volume of saliva after the participants chewed on a cotton ball for 10 min.
Main study with nursing home residents:
Elderly nursing home residents participated in the main study with their informed written consent or that of their closest relative if they were unable to sign the consent. To evaluate the efficacy and the ease of use of the new massage method, we measured the following: 1) volume of water and saliva secretion in the mouth before and after the massage, 2) concentration of water and volume of saliva in the mouth after the massage had been performed twice daily for 2 weeks and 3) administration of a questionnaire for nursing home caregivers who performed the new massage (Table 1) .
Participants
Of the 15 nursing home residents for whom informed consent had been obtained (either from the resident or from the residents' closest family member if they were unable to consent),
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Measures
Tongue moisture was measured using a mucous membrane moisture test paper (KISO-WeT®, KISO-DMSS, Japan). After placing the test paper on the midline of the dorsal surface of the tongue 10 mm from the tip for 10 s, the length of the wet portion of the paper was measured as the moisture value. Water concentration in the mouth was measured at the same location and also at the middle of the cheek mucous membrane by an impedance method with an oral water concentration measuring system (KokusuibunkeiMucus®, Life, Japan). Amount of saliva was measured by the Saxon test by chewing on a folded sterile sponge for 1 min.
Statistical analysis
All data analysis was performed using the Mann-Whitney U-test with IBM SPSS statistics ver.19. Differences of p < 0.05 were considered significant.
Results and Discussion
Preliminary study with healthy adult participants:
Volume of saliva secretion was significantly increased after the 1-min massage, while the mean secretion volume after 3 min was less than that measured after the 1-min massage and not significantly different from before the massage (Table 2) .
Main study with elderly nursing home residents:
Effect of the new massage
Regarding the moisture in the mouth, slight increases were seen just after the massage and after the 2-week course of massage, although neither was statistically significant. Regarding the water concentration in the mouth, no detectable change was seen on the dorsal surface of the tongue, but significant increase in water concentration was observed on the cheek mucous membrane after the 2-week course of massage twice daily.
Regarding the secretion of the saliva, a significant increase was seen in saliva volume between before and after the massage.
Questionnaire for caregivers:
Twenty-five caregivers completed the questionnaire. Regarding massage duration, 24 caregivers responded that the duration was 'appropriate' and one responded that the duration was 'too short' . Regarding the relative ease or difficulty of performing the new massage technique, 23 responded 'easy' and two responded 'difficult' . Regarding the use of massage oil, all 25 responded as 'favourable' , although one commented that he thought it may be difficult to find an appropriate quantity of oil for this massage. Regarding the reaction of the participants, 19 caregivers reported that the participant seemed to be 'contented' , six reported no reaction and four reported the participant seemed to be 'uncomfortable' . As for the continuation of the massage service, 12 caregivers responded 'yes' , 12 responded 'if required' and one selected both 'yes' and 'if required' . Some caregivers also commented that the time for massage can be also used as time for verbal communication between caregivers and elderly nursing home residents.
In adult healthy subjects, the volume of saliva secretion after a 1-min massage was greater than after a 3-min massage and that the volume increase from just prior to the massage was statistically significant. Therefore, we concluded that the 1-min massage is appropriate for use in the nursing home.
Most elderly nursing home residents have dementia or cerebrovascular diseases and cannot independently perform adequate oral care to maintain oral health. Additionally, many have symptoms of dry mouth due to medication side effects or underlying medical conditions.. Generally, nursing homes tend to be dry and are inhabited by many elderly peoples who need humidifiers and moisture creams throughout the year to prevent the drying of their skin. Previous methods of facial and salivary gland massage present a small, but not negligible risk of friction injury to the dehydrated skin of the face.. We used oil to avoid this risk and to help moisturize the skin. We attribute the positive reception that this method received from caregivers and nursing home residents, as was demonstrated by the results of the questionnaire, to the use of the oil. Table 2 : Increase of saliva excretion after massage *P < 0.05 (a significance value) The efficacy of our new salivary gland massage on increasing saliva secretion is at least equal to the reported efficacy of previous salivary gland massages.
Regarding the duration and simplicity of the massage, the results of the questionnaire are sufficient to satisfy the aim of the present study, which was to establish the efficacy of a simple, quick and easyto-administer salivary gland massage to alleviate symptoms of dry mouth in elderly nursing home residents. This new method is easy to learn. For the 1-min massage, 45-50 strokes are required, and counting the strokes aloud instead of measuring time by a clock helps produce a rhythmical massage and facilitates good communication between caregivers and elderly residents.
Results of the questionnaire, however, also showed that about half of the caregivers are not willing to do this massage unless it is required, though they admit it has benefits for the recipient. This issue may be secondary to the inadequate staffing that is common in among nursing homes in Japan.
Additionally, changing unscented oil to aromatic oil may increase this method's effects, as aromatic oil may stimulate the CNS to increase saliva secretion.
Several benefits of body massage have also been reported [8] , including such as enhanced immune function and increased IgA concentration in saliva [9] . The salivary gland massage itself may be expected to improve immune function in addition to increasing saliva secretion.
It is considered that saliva productivity was increased by repeating direct stimulation through the feedback system though the exact mechanism is uncertain.
The effect of maxillofacial massage by a specially developed robot has also been reported with significant increase in saliva secretion as well [10] .
Conclusion
We developed new method of salivary gland massage with oil and evaluated its utility in a nursing home environment. Our method's effect on saliva secretion is, at least, equivalent to the effect reported by previous methods. In addition, our method features a simple and easy to acquire technique and is more comfortable for participants to the use of a friction-reducing and moisturizing oil. As an unexpected effect of massage, caregivers reported that this method provides a good opportunity to communicate with nursing home residents while performing the massage.
